Abstract. This paper presents the tuning of single-input single-output (SISO), and multiple-input multiple-output (MIMO) control system using Tree Physiology Optimization (TPO). TPO is a metaheuristic optimization algorithm that has a clustered diversification search strategy inspired from plant shoots growth. The clustered diversification is referred as tree branch and leaves. The exploration is amplified from roots growth counterparts. In the proposed method, each shoot from each branch search for possible solution in parallel and the fitness is evaluated based on all best values found by branch search. The proposed algorithm is also compared with deterministic gradient-free algorithm: Nelder-Mead simplex (NMS) and another metaheuristic algorithm: Particle Swarm Optimization (PSO). Results shown that TPO is able to find good PID parameters with lesser settling time for SISO and MIMO process. NMS is also able to find good PID parameters for SISO with lesser performance index, however not able to find better solution in MIMO control. PSO converged prematurely in SISO control and has high overshoot for MIMO control optimization.
Introduction
To date, the tuning of PID controller is still in extensive research. There are many PID controllers in practice that are not tuned properly [1] . Such tuning is normally carried out with trial and error method which is time consuming [2] . In addition, the multivariable process that involved controlling of many input and output variables are regularly practiced in industrial plant [2] . Therefore such high complexities of process need to be properly controlled. The multiple input-output control systems are also defined as MIMO control system. In contrast, the single input-output control system is denoted as SISO control. SISO PID control is available in most commercial controllers [3] and cited in many literatures as described in [4] . There are many tuning method proposed in the literatures. Among the most implemented method is metaheuristic algorithm. Metaheuristic algorithm is proven to be more efficient in computation time and performance [7] .
There are essentially two types of optimization algorithms: deterministic and stochastic [8] . Deterministic algorithm has a repeatable path to find a solution by a given input. Deterministic algorithm is further divided into two approaches: gradient-based and gradient-free search method. Gradient-based algorithm uses gradient information to search for optimal solution, which may trapped into local optimum especially in multimodal problem. In contrast, gradient-free algorithm eliminate this disadvantage and able to search towards global optimum. Simplex algorithm is one example of gradient-free algorithm [10] and the algorithm is proven to be more effective than GA and Simulated Annealing (SA) [9] . Another section of optimization algorithm is the stochastic algorithm, which is also denoted as heuristic or metaheuristic algorithm. Metaheuristic algorithm has unique properties of search that incorporate two components: diversification and intensification [8] . Diversification is to generate a diverse solution in order to explore the search space. Intensification is to focus the search space in local region by exploiting the information of current good solution of respective region. Some examples of metaheuristic algorithms are GA, SA, PSO, FFA, and TPO. In this paper, three optimization algorithms for solving SISO and MIMO control system will be discussed. The algorithms are Nelder-Mead Simplex algorithm (NMS) [11] , Particle Swarm Optimization (PSO) [12] , and Tree Physiology Optimization (TPO) [16] . The characteristic of each algorithm is summarized in Table 1 . The performance criterion for fitness evaluation of each algorithm is based on integral of absolute error (IAE) with response constraint as shown in (1).
Whereas and are continuous function that define the upper and lower border of shaded region as in The constraint consists of two borders ( and 2 ). is the plant response at each iteration. Based on the figure, the settings of ( ), ( ), 1 and are specified by user. The performance criteria of tuned control parameters are based on response constraint and IAE, since the response constraint may assist the estimation to desired response region. In this paper, the response setting is set with = 1.55; 2 = 1.20; = 0.8; 1 = 1.6; = 20
Application on SISO optimization
The algorithm performance is compared with SISO of DC servo motor for position control as presented in [13] with transfer function defined in ( 
Simulation result
Each algorithm is set according to their original setting. The number of iteration for PSO and NMS is set to 30. For TPO, the number of branches and shoots leaves is set to 10 and 20 respectively. The step response of each algorithm is depicted in Table 2 and Fig. 3 . The best value is highlighted with bold. It is observed that NMS has the lowest J value (IAE with response constraint). All algorithms show merely the same rise time. TPO has the shortest settling time and converge in less than ±1% of set value as shown in Figure 3b . PSO has the lowest overshoot, however with longer time characteristics 
Application on MIMO optimization
For multiple variable processes, the performance of each algorithm is compared with Wood and Berry distillation column control [14] . The control strategy for multivariable system is presented by Wood and Berry, which is to reduce the interaction between the control of the overhead and bottom products [14] . Figure 4b shows the MIMO control structure designed for this work. 
Simulation result
The setting of each algorithm is set similar to SISO problem. The parameters of PID controller obtained by each algorithm and control loop are depicted in Table 2 . The step response of each algorithm is shown in Table 3 and Fig.5 . Based on the response properties, PSO method has the highest overshoot. The performance index as in the table shows that TPO outperformed other algorithms in both steps 11 and 22 and followed by PSO
Conclusion
In this paper, the performance of step response for single and multiple variable PID controls for Nelder-Mead simplex, PSO and TPO are compared. For SISO model, TPO outperformed other algorithm in convergence with lesser than ±1% tolerance. The performance of the algorithm on MIMO control optimization is verified with Wood and Berry distillation column control. TPO shows the best performance index with lower IAE and integral response boundaries. It is also observed that NMS has lower overshoot in step response of 22 .. The optimum solution of TPO can be improved further by higher number of branches and shoots leaves, as current settings are only 10 branches search and 20 leaves search (which correspond to 10x20 searches). The search of each branch and leaves are running in parallel; this is to ensure a better diversification and hence also better intensification towards true solution, thus the computational cost is reduced significantly. NMS algorithm is able to search towards global optimum due to its triangularity search and driven with three simplex steps that compares and adapts with better performance during each step. The search of PSO algorithm is driven by the particle location and speed. However PSO search may end up with premature convergence as the algorithm is not able to search diversely in the search space as observed in SISO response. The findings from this paper suggest a necessity of comparison studies with more practical MIMO process and with increased complexity.
